Introduction

H
IV infection remains an important public health issue in Europe, with evidence of increasing transmission in several countries. Men who have sex with men (MSM) remain the group most at risk of acquiring HIV infection in the European Union (EU) and European Economic Area (EEA), accounting for 39% of the 28 038 HIV diagnosis reported in 2011. 1, 2 In addition to the on-going spread of HIV and the high HIV prevalence in the MSM population, reports of other sexually transmitted infections (STI) and high risk sexual behaviours, such as unprotected anal intercourse (UAI) with partner of unknown or discordant HIV status, continue to increase throughout Europe, highlighting the urgent need to provide enhanced HIV/STI prevention for this population. [3] [4] [5] [6] that people with undiagnosed HIV infection contribute disproportionally to the spread of disease. 8 In 2003, the Centers for Disease Control and Prevention announced HIV testing as part of a new set of prevention strategies to reduce HIV transmission in the United States 9 because if knowledge of HIV-positive status reduces risk behaviours, transmission probability may be reduced. 10, 11 Despite the efforts to promote HIV testing in Europe, 12 the proportion of undiagnosed HIV infection in MSM remains high. According to different studies conducted in convenience samples of gay men in Europe, this proportion ranges from 20% in Paris 13 to 44% in London.
14 Although there are cultural or structural specificities within Europe affecting differently the subgroups of MSM, the most frequent barriers to testing them are the marginalisation, stigma or illegality, accessibility of health services, low riskperception or fear of a positive test. 11, [15] [16] [17] [18] Little is known about determinants of undiagnosed HIV infection in MSM within Europe. Results from the Scottish convenience sample shows the adjusted odds ratio of UAI with two or more partners was higher among undiagnosed than HIV-negative men 15 whereas in a French sample of gay men, having had at least one STI in the previous 12 months, using gamma hydroxybutyrat acids (GHB/GBL) and not being tested in the last year were independently associated with undiagnosed HIV infection. 13 The Sialon project, 'Capacity building in HIV/syphilis prevalence estimation using non-invasive methods among MSM in Southern and Eastern Europe' aims to obtain comparable information on HIV/STI prevalence and associated behaviours at European level, which is scarce. In this article, we report on the following objectives: (i) To assess the proportion and distribution of undiagnosed HIV infection in MSM from six cities in Southern and Eastern European countries, (ii) to describe the similarities and differences in epidemiology and behaviour between undiagnosed, diagnosed HIV-positive and HIV-negative MSM, (iii) to identify factors associated with undiagnosed HIV infection in the study population.
Methods
The study was a multi-centre bio-behavioural cross-sectional survey and was carried out in Barcelona (Spain), Verona (Italy), Bratislava (Slovakia), Bucharest (Romania), Ljubljana (Slovenia) and Prague (Czech Republic).
Study population
Men were eligible for interview if they had had any kind of sex (anal, oral or other non-penetrative sex) at least once with another man during the previous year, had agreed to provide an oral fluid sample and had signed an informed consent form. Three exclusion criteria were adopted: aged below 18, actively injecting drugs and having already participated in the Sialon study.
Sampling
Time-location sampling (TLS) was used to recruit representative samples of men participating in the gay scene in each city. 19, 20 TLS methodology has been described in detail elsewhere. 21 Briefly, the basis for TLS is to construct a universe of venues where the target population congregates (bars, discos, saunas, cruising, naked parties, sex shops and sex clubs) and to randomly select the venue, day of the week, and time of day from this universe in each participating city. At venues, staff members intercept eligible men who are then invited to participate in the study. The sample size estimation for the prevalence study was based on previous studies estimating prevalence. 22 A total of 2400 persons (400 per city) were considered in the study.
Instrument
A self-administered questionnaire included information on demographics, the social/environmental context of respondents, access to voluntary counselling and testing (VCT) services, sexual behaviour (sex practices, risk reducing strategies, condom use in the previous 6 months and during the last sexual contact by type of partner), drug use, STI history, self-reported HIV status and attitudes and knowledge about HIV/AIDS. A preliminary version of the questionnaire was piloted among MSM attending gay venues. The English version of the questionnaire was translated into the languages of the participating countries and then translated back into English. A questionnaire manual and a training module were developed to increase the uniformity of data collection.
Enrolment
Trained fieldworkers from gay associations distributed anonymous self-administered questionnaires as well as oral fluid collection kits to each participant in each venue. The enrolment took place between November 2008 and October 2009 depending on the city. As part of the intervention, respondents were also given a free pack containing a condom and a leaflet with information about the closest VCT services.
Oral fluid collection and testing
Oracol oral fluid collection kits (Malvern Medical Developments, Worcester, UK) were used to collect samples to be tested for HIV antibodies. After collection, each national reference laboratory sent the oral fluid samples to the Immunology Unit of the University Hospital of Verona in Italy, which undertook the analysis. An Enzyme Immunoassay (EIA) test (GENSCREEN HIV 1/2 version 2, BIO-RAD) on oral fluid sample was performed according to the manufacturer's instructions, 23 and all positive samples were confirmed by Western blot. As a quality control measure, an Enzyme-Linked Immunosorbent Assay (ELISA) test for total IgG antibodies was performed on each oral fluid sample to assess the sample suitability for testing. Of the 2424 participants recruited, 2407 men provided oral fluid specimens and 122 samples below 3.5 titre (cut-off) were excluded from the study as invalid, leaving a total valid sample of 2285 to HIV testing analysis. Laboratory procedures are defined more in detail elsewhere. 21 
Ethics
Ethics committee approval was obtained in each participating country, and an informed consent form was collected for each respondent. Questionnaires and oral fluid samples were collected anonymously and given an identical individual barcode. An appointment card with the unique barcode was given to each participant to collect the test result from the VCT centre. At that time, they were informed that as the test result was not diagnostic, they should be tested again according to national guidelines to minimize the risk of diagnostic mistakes. In case of a confirmed positive HIV test, the person was directed to the infectious disease department for clinical follow-up.
Classification of subjects by HIV status
For the purpose of this study, subjects were classified according to current HIV status (detected through the analysis of oral fluid samples) and self-reported last HIV test result (information included in the questionnaire). Subjects with invalid oral fluid samples and/or who did not answer to this question were excluded from the study.
Three categories related to HIV status were created; 'Diagnosed HIV MSM' were defined as HIV-positive men aware of their serological status (who reported that their last HIV test was positive), 'undiagnosed HIV MSM' were defined as HIV-positive men (based on oral fluid test) who reported that their last HIV test was negative, they had not received the result or had never been tested, and 'HIV-negative MSM' were defined as men whose oral fluid test was HIV-negative and reported that their last test was negative, they had not received the result or had never been tested.
Statistical analysis
A bivariate analysis was conducted to compare epidemiological and behavioural characteristics by country and by HIV status, respectively. Pearson's 2 and adjusted residual statistics for categorical variables and ANOVA and Scheffe's test for continuous ones were used for simple and multiple comparisons respectively. HIV prevalence was calculated with corresponding 95% confidence interval (CI). A multi-level analysis was conducted to identify factors associated with undiagnosed HIV. Due to the similarities on behaviours between diagnosed and undiagnosed HIV-positive men found in the bivariate analysis, predictors were found by comparing undiagnosed HIV-positive and HIV-negative MSM. Under the assumption of independence among clustered data, this methodology takes into account the hierarchical structure of the two-level data with gay venue of recruitment (level 1) nested within six cities of Southern and Eastern Europe (level 2) and lets us consider the contribution of variability associated with each level to the total variability in the sample. The odds ratio (OR) used 95% CI to compare outcomes between undiagnosed HIV-positive and HIV-negative MSM. This model was adjusted by age.
The variables included as potential risk factors included social and demographic factors, data on sex behaviours, recruitment venue, HIV testing, STI history and the use of drugs before or during sex because of their relation to UAI.
Results
Sample
Paired biological results and questionnaires were available for 2285 participants. Table 1 shows the distribution and main characteristics of the sample by city.
Most participants were recruited in discos or bars (70%), whereas those from Southern European cities had the highest proportion of men recruited in sex-focused venues including saunas, naked parties, sex shops, sex clubs and cruising sites (48% in Verona and 48% in Barcelona) (table 1) .
The mean age of the sample was 32 years, with men from Verona and Barcelona being older than respondents in Eastern cities (36 and 38 years, respectively). Over half of participants had achieved at least secondary-level education whereas men from Barcelona had the highest (54% reported University level). Most men were employed, especially men from Barcelona (86%) and Verona (83%). Most men were born in the country of residence (88%) although in Barcelona this figure was slightly lower (72%). Most men self-identified as gay or homosexual (81%) though the proportion from Bucharest and Prague was lower (67 and 74%, respectively). The perception of political and social attitudes to homosexuality differed by city, 6 and 9% of men perceived positive/very positive political and social attitudes respectively in Bratislava whereas 41 and 31% of men respectively in Barcelona.
HIV testing and prevention programs
A quarter of respondents had never been tested, the proportion being highest in Prague (29%), Bratislava (38%) and Bucharest (33%) (table 1). Southern European cities had the highest percentage of recently tested men (in the previous 12 months) who knew their results, 56% in Barcelona and 53% in Verona (table 1). Over half of participants had been reached with HIV prevention programs (68%) although this figure was lower in Prague (60%) and Bratislava (38%).
Undiagnosed HIV-positive prevalence Overall, 60% of HIV-positive men were unaware of their HIV status, broken down as follows: 8% declared they had never been tested, 51% were found to be HIV-negative at their last HIV test and 1% had not collected their result. The proportion of undiagnosed HIV-positive men was >80% in Bucharest and Ljubljana and <50% in only one city, Barcelona (figure 1).
Similarities and differences between MSM with undiagnosed HIV, diagnosed HIV and HIV-negative men As shown in table 2, diagnosed HIV-positive men were significantly older than undiagnosed HIV-positive and HIV-negative MSM (mean age of 39, 34 and 32, respectively). The proportion of HIVnegative men recruited in sex-focused venues was significantly lower than that of MSM with diagnosed and undiagnosed HIV infection (29, 52 and 59%, respectively). Some sexual behaviour differed between groups, HIV-negative men were less likely to have had their last sex in sex-focused venues than either diagnosed HIVpositive men or undiagnosed MSM (18, 32 and 36%, respectively). Diagnosed HIV-positive had more casual sex partners in the last 6 months than HIV-negative MSM (mean: 19 and 9 partners, respectively), and there were no significant differences with undiagnosed HIV-positive men (table 2) . Diagnosed HIV-positive men were less likely to report UAI with a steady partner than undiagnosed HIV-positive and HIV-negative men (49, 72 and 66%, respectively) whereas there were no significant differences between groups related to UAI with casual partners.
As table 2 shows, HIV-positive men, whether diagnosed or undiagnosed, were more likely to access HIV prevention programs than HIV-negative men (89, 87 and 68%, respectively). Undiagnosed HIV-positive men were more likely than HIV-negative MSM to have been tested in the previous year and to know their results (60 and 43%, respectively).
The prevalence of self-reported syphilis during the last year among undiagnosed HIV-positive MSM was significantly higher than in HIV-negative men. For condyloma, both undiagnosed HIV-positive men and HIV-negative MSM had a lower prevalence in the previous year than HIV-diagnosed MSM (table 2) .
Diagnosed and undiagnosed HIV-positive MSM were more likely to have used drugs during their last sexual encounter (Poppers and Cocaine) than HIV-negative men. Poppers were the most frequently drug used at last sex, apart from alcohol, among both diagnosed and undiagnosed HIV-positive MSM (31 and 36%, respectively) (table 2).
Factors associated with undiagnosed HIV infection
Multilevel analysis confirmed some associations (table 3). In the ageadjusted model, recruitment venue, having had an STI in the last 12 months, using drugs at last sexual intercourse and being tested for HIV in the previous year and knowing the result were all associated with undiagnosed HIV status. Undiagnosed MSM were 2.49 times more likely to have attended sex-focused venues (P = 0.02), 2.56 times more likely to report syphilis in the last 12 months (P = 0.05), 3.36 times more likely to have used Poppers at last sexual intercourse (P < 0.01) and 2 times more likely to have had an HIV test in the previous year compared with HIV-negative MSM (P = 0.01). 
Discussion
This study provides important data on undiagnosed HIV infection among MSM in Southern and Eastern Europe. Many infections remain undiagnosed (60%), especially in Bucharest and Ljubljana (around 80%). This figure is considerably higher than that found previously in other cities in Europe, United States and Australia. 11, [13] [14] [15] [24] [25] [26] Eastern European cities have higher proportions of men who have never been tested and lower proportions of men tested in the previous 12 months than Southern cities, suggesting geographical differences in the ability of health systems or other HIV prevention programs to reach MSM and to efficiently provide access to screening and counselling. Consistent with our results, some authors have pointed out the lower access to VCT services in Eastern Europe. 1, 2, 27, 28 Differences in stigma and discrimination against HIV testing and homosexuality, as suggested by the perception of positive political and social attitudes to homosexuality in these countries, could explain the HIV testing gap between the Southern and Eastern cities. These findings are not conclusive, but they are consistent with the results found in the literature. 18, 28 Undiagnosed HIV-positive men have a high number of sexual partners, similar to diagnosed HIV-positive MSM. Moreover, both diagnosed or undiagnosed HIV-positive men have higher prevalence of some self-reported STI, such as syphilis among undiagnosed or condyloma among diagnosed as well as higher prevalence of drug use during sex than HIV-negative men. Despite HIV-positive men having greater access to HIV prevention programs than HIVnegative men, frequent risk behaviour reported by HIV-positive MSM is a concern in both diagnosed and undiagnosed HIVpositive MSM, a finding which is consistent with previous studies. 10, 11, 13, 15, 25, 29 These findings could suggest that the reduction of infectiousness due to treatment may play a role in maintaining high levels of risk behaviours among HIV-positive men after diagnosis. 30, 31 Safer sex fatigue and other potential factors may also play a role on sexual behaviours. 32 Further research is needed to analyse in-depth dimensions associated with sexual risk taking among HIV-positive men.
Otherwise, lower proportions of diagnosed HIV-positive men who reported UAI with steady partner would confirm the importance of HIV diagnosis to consider risk reduction strategies of HIV/STI transmission within stable relationships. Compared with being HIV-negative, to report an STI such as syphilis in the previous year was one of the determinants of undiagnosed infection, as noted in similar studies. 13 Several authors have described a trend towards concurrent STI and HIV among MSM and a resurgence of syphilis among MSM in Western Europe as well reporting evidence of a possible underestimation of simultaneous infection with HIV and STI among MSM in Central Europe. 3, 4, 27 This panorama reinforces the need to promote HIV testing in STI patients to diagnose HIV and provide information on HIV and STI co-infections in those settings.
32
Popper use was independently associated with undiagnosed infection, also being consistent with the results of a recent analysis in a sample of French MSM. 13 Because drug use during sex may lead to high-risk sexual behaviour, 22 there is a need for prevention programs targeting MSM, with particular attention paid to the most popular drugs used for sex among gay men.
Visiting sex-focused venues was also an independent factor associated with undiagnosed HIV infection, as similar studies in MSM have also shown. 11, 26 Increasing access to HIV testing in outreach settings could be an opportunity to test men at high risk of HIV infections and who do not access regular health facilities. Non-invasive options for specimen collection such as the oral fluid collection used in Sialon I and other studies 24, 25 have been demonstrated to facilitate access to HIV testing and could have important public health implications.
Finally, having had an HIV testing in the previous year and knowing the result is revealed to be an independent factor associated with undiagnosed infection whereas previous studies have shown different results. 11, 13, 26 Despite these different results in other multivariate analysis, Williamson et al. 19 pointed out that undiagnosed men were more likely to report a test in the previous year when compared with HIV-negative and diagnosed HIV-positive men. Two recent analysis in Australia and New Zealand have also reported high proportions of undiagnosed MSM 25, 26 who have been recently tested for HIV. These findings highlight the important role played by frequent HIV testing, which should probably be undertaken more than once a year among men at high risk of seroconversion in order to decrease the proportion of undiagnosed HIV infection, especially among those with the highest risk behaviours. These results also highlight the limit of strategies aimed at promoting HIV status disclosure as a means of reducing transmission risk as described in other studies 5 and reinforce the need to continue promoting condom use as a major component of HIV/STI prevention efforts.
Our research has several limitations. First, the recruitment took place in gay community settings and the findings may, therefore, not be generalizable to all gay men in each city. Nevertheless, TLS increases the probability of involving a wide variety of participants. Second, a cross-sectional design does not permit the drawing of causal or temporal inferences. Finally, a potential recall bias or underreporting of some sexual and social behaviours could be introduced. Nevertheless, anonymous and self-administered questionnaires can reduce this kind of bias. Despite these limitations, these data contribute to our improved understanding of undiagnosed HIV infection and its determinants for the first time in Southern and Eastern European cities and has implications for ongoing prevention efforts.
The barriers to HIV testing need to be further investigated in Europe. More comprehensive data are required to understand the complex relationship between individual and contextual variables.
In summary, a high HIV prevalence, a high proportion of MSM with undiagnosed HIV and high levels of sexual activity as well as some risk behaviours and STI among HIV-positive MSM in Southern and Eastern Europe indicate a need for a multidimensional approach to HIV prevention. On one hand, behavioural interventions aimed at increasing safer sexual practices among MSM should include new strategies based on an integral approach of health behaviour. To involve HIV-positive men in the design and implementation of these interventions could be also a promising strategy. On the other hand, test-seeking behaviour should be encouraged and VCT made more accessible in Europe. This may have particular importance in Eastern Europe where stigma against HIV and homosexuality may still be high. 
Key points
Many HIV infections remained undiagnosed, and there was evidence of the persistence of frequent risk behaviours despite knowledge of HIV-positive status in Southern and Eastern Europe. Eastern European cities had higher proportions of men who have never been tested and lower proportions of men tested in the previous 12 months than Southern cities. Attending sex-focused venues, reporting syphilis in the previous 12 months, using poppers at last sexual intercourse and having had an HIV test in the previous year were factors associated with undiagnosed HIV infection. Access to HIV testing should be considered a priority in prevention programs targeted at MSM, especially in Eastern Europe.
